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DETAILED ACTION 



Information Disclosure Statement 



1 . The information disclosure statement (IDS) submitted on 9/7/2005 was filed. The 
submission is in compliance with the provisions of 37 CFR 1 .97. Accordingly, the 
information disclosure statement is being considered by the examiner. 



Claim Rejections • 35 USC § 102 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale In this country, more than one year prior to the date of application for patent in the United 
States. 

2. Claims 1 , 3-8 and 17 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Wright et al. (USPN 6.016,285). 

Regarding claims 1 and 3, Wright et al. '285 discloses: 

A transmitter for each channel is implemented with digital-to-analog converter 
(DAC) 8 and transmit amplifier 9. DAC 8 converts the digital samples of the transmit 
wavefonn to an analog signal. The transmit amplifier 9 sets the transmit power level and 
generates the high voltage pulses to drive the connected elements of the transducer 
array 1 for transmit beam formation (col. 21 , lines 61-67). 

The invention is capable of the simultaneous transmission of one or more beams 
of energy on transmit scan lines and of the simultaneous reception of reflected energy 
with one or more beams on receive scan lines using an electronic beamformer that 
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steers and/or translates both receive and transmit beams independently to effect 
scanning throughout a given field of view (col. 3, lines 42-48). 

The digital demodulator 15 provides phasing, apodization, and rotation to 
baseband. The capability of forming multiple receive beams Is effected by filter/delay 14 
and digital demodulator 15. These processing elements can be time-division 
multiplexed on a sample-by-sample basis to calculate two output signals (corresponding 
to signals on each of two receive beams) from one input signal. The two output signals 
are thus time-interleaved on a sample-by-sample basis, where each sample is an I and 
Q pair. It is understood that such time-division multiplexing can accomplish signal 
processing with for example two, three, four, etc., transmit beams associated with four, 
six, eight, etc., receive beams (col. 22 lines 15-29). 

Novel aspects of the present invention include [1] use of one or more 
simultaneously formed receive beams in combination with one or more simultaneously 
excited transmit beams, [2] storage of coherent samples [i.e., samples that preserve 
relative amplitude and phase relationships among signals, as defined below] of signals 
associated with each receive beam, and [3] before detection, synthesis of one or more 
new coherent samples. The one or more new coherent samples are calculated using 
stored coherent samples associated with a plurality of distinct receive beams [i.e., two 
or more receive beams that are associated with spatially different receive scan lines 
and/or with temporally different transmit excitations, as defined below] through the 
operations of [a] interpolation [including linear interpolation or weighted sums] or [b] 
extrapolation or [c] other methods (col. 3, lines 15-30, col. 9 lines 30-40). 
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Regarding claims 4-8, Wright et al. '285 discloses as noted above. Furthermore, 
Wright et al. 285 discloses: The method and apparatus is additionally for acquiring and 
storing coherent samples retaining both phase and amplitude infonnation of those 
electrical signals obtained on the receive scan lines throughout at least a portion of the 
field of view, and for combining stored coherent samples associated with distinct receive 
beams to synthesize new coherent image samples aligned on synthetic scan lines 
which are distinct from any one of [1] receive scan lines on which a signal was sensed, 
[2] transmit scan lines on which a signal was directed, or [3] transmit scan lines and 
receive scan lines (abstract). 

The system acquires and stores coherent samples of received signals associated 
with each receive beam and perfonms interpolations (weighted summations, or 
otherwise), and/or extrapolations and/or other computations with respect to stored 
coherent samples associated with distinct receive beams to synthesize new coherent 
samples on synthetic scan lines that are spatially distinct from the receive scan lines 
and/or spatially distinct from the transmit scan lines and/or both (col. 3, lines 49-57). 

Regarding claim 17, Wright et al. '285 discloses a method of transmitting at least 
one ultrasonic beam by driving plural transducers in a transducer an'ay (col. 21, lines 
61-67); Performing reception focusing so as to fomn a reception focal point in at least 
one region within the object thereby obtaining plural detection signals relating to said at 
leas one region (col. 22 lines 15-29); and calculating image data relating to said at least 
one region on the basis of plural detection signals relating to said at least one region 
and plural different acoustic pressure intensity profiles set based on acoustic pressure 



Application/Control Number: 10/803,876 Page 5 

Art Unit: 3768 

intensity distribution formed by transmitting ultrasonic beams and the reception focusing 
to be fomied on them (col. 3, lines 15-30, col. 9 lines 30-40). 



Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which fonns the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

4. Claims 2 and 16 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Wright et al. (USPN 6,016.285) in view of Wright et al. (USPN 6,1 10,1 16). 

Regarding claims 2 and 16, Wright et al. 285 discloses a method of transmitting 
at least one ultrasonic beam by driving plural transducers in a transducer an^ay (col. 21 , 
lines 61-67); Performing reception focusing so as to form a reception focal point in at 
least one region within the object thereby obtaining plural detection signals relating to 
said at leas one region (col. 22 lines 15-29); and calculating image data relating to said 
at least one region on the basis of stored plural detection signals relating to said at least 
one region and plural different acoustic pressure intensity profiles set based on acoustic 
pressure intensity distribution formed by transmitting ultrasonic beams and the reception 
focusing to be formed on them (col. 3, lines 15-30, col. 9 lines 30-40). 

Wright et al. '285 does not explicitly disclose signal reception in plural regions in 
an isochronal surface. 
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Wright et al. '285 also does not explicitly disclose a correction means for 
correcting acoustic pressure intensity profiles corresponding to a second isochronal 
surface based on the detection of signals corresponding to a first isochronal surface 

Wright et al. '116 discloses signal reception at multiple isochronal surfaces: The 
receive beamfonmer (Figure 1) samples data at a plurality of focal depths [r.sub.1, 
r.sub.2, r.sub.3] along each scan line. In the digital receive signal path of the present 
invention, transducer array signals can be selectively separated into data representative 
of multiple individual beams (col. 10, lines 41-50). 

The digital receive beamfomier allows calculations of per-channel dynamic focus 
delay, phase, apodization, and calibration values for each receiver signal sample 
(abstract). 

This system exploits the multi-beam transmit and multi-beam receive capability of 
the invention to acquire and store coherent [pre-detection] samples of receive beam 
data along actual scan lines and to perform interpolation of the stored coherent samples 
to synthesize new coherent samples at new range locations along existing scan lines or 
along synthetically-created scan lines (cols. 15-16, lines 65-67 & 1-6). 
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R-S8 




It would have been obvious to combine the coherent Image Invention of Wright et 
al. '285 with the receive beamformer of Wright et al. '1 16. The motivation to do so would 
be to increase the amount of data for interpolation in order to synthesize new coherent 
samples at new depths. Furthemiore the Invention of Wright et al. '116 is referenced In 
the disclosure of Wright et al. '285. 

5. Claims 9-1 5 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Wright et al. '285 In view of Clark (USPN 5,976,089). 

Wright et al. '285 discloses a method of transmitting at least one ultrasonic beam 
in plural directions by driving plural transducers in a transducer array (col. 21, lines 61- 
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67); Performing reception focusing so as to form a reception focal point in at least one 
region within the object thereby obtaining plural detection signals relating to said at leas 
one region (col. 22 lines 15-29); and calculating image data relating to said at least one 
region on the basis of plural detection signals relating to said at least one region and 
plural different acoustic pressure intensity profiles set based on acoustic pressure 
intensity distribution formed by transmitting ultrasonic beams and the reception focusing 
to be fomied on them (col. 3. lines 15-30, col. 9 lines 30-40). 

Wright et al. '285 does not disclose calculating image data by obtaining a solution 
to simultaneous equations which have image data relating to at least one region as 
unknown and are constructed based on the plural detection signals relating to at least 
one region. 

Wright et al. '285 also does not disclose a calculating means using matrices to 
calculate the image data by obtaining and image data vector "x" from an equation Ax=b 
where "b" represents a vector having components corresponding to the plural detection 
signal relating to said at least one region and "A" represents a matrix having 
components corresponding to plural acoustic intensity ratios in plural acoustic pressure 
intensity profiles relating to at least one region. 

Wright et al. '285 also does not disclose obtaining the vector "x" by obtaining a 
generalized inverse matrix of the matrix "A" which satisfies the equation Ax=b. 

Wright et al. '285 also does not disclose obtaining the vector "x" by performing 
singular value decomposition on matrix "A" and obtaining a generalized inverse matrix 
"A" which has a reduced rank. 
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Wright et al. '285 also does not disclose a calculating means wherein said 
calculating means obtains a least square solution of the vector "x" which satisfies the 
equation Ax = b in the case where the matrix "A" have "m" rows and "n" columns where 
m > n. 

Wright et al. '285 also does not disclose a calculating means wherein said 
calculating means obtains the vector V by obtralning an inverse matrix of the matrix "A" 
in accordance with one of (i) an exact method including a sweeping out method and (ii) 
an iterative method in the case where the matrix "A" is a square matrix and a regular 
matrix. 

Clark '089 discloses: In step 1 14, simultaneous linear equations are used to 
calculate interpolation coefficients used by interpolators shown in FIGS. 3 and 3A. 
These equations specify the goals of balancing the resulting beams formed by 
interpolating two round-trip beams that are identically aligned and are fomied from two 
transmit beams emitted along two neighboring transmit lines. With the round-trip beams 
already oriented con-ectly before the interpolation, the interpolation coefficients can be 
used for optimizing a selected characteristic of the image. The selected characteristic is, 
for example, the beam profile of the interpolated beam (col. 9. lines 43-53). 

Clark '089 also discloses: simultaneous equations are combined into a single 
matrix equation and solved where X is the matrix containing round-trip beam 
magnitudes, C is the "vector" of coefficients, and A is the "goal" vector. X is not a square 
matrix, because the specifications are over-constrained (there are more equations than 
unknown coefficients). Therefore, it Is not possible to solve the matrix equation exactly 
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using the inverse matrix method. However, the Moore-Penrose, pseudo-inverse 
method, based on singular value decomposition, can be used to obtain a solution that is 
optimal in the sense of having the lowest mean square magnitude (col. 1 1 , lines 26-55). 

It would have been obvious to combine method and apparatus for coherent 
image fomnation of Wright et al. '285 with the matrix calculations for use in 3D 
ultrasound disclosed by Clark '089. The motivation to do so would be to perform the 
most stable matrix computations on the receive data using the most stable calculating 
methods. 

Conclusion 

6. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Cole et al. (USPN 5,856,955). 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Ellsworth Weatherby whose telephone number is (571 ) 

272- 2248. The examiner can nomially be reached on M-F 8:30 a.m. - 5:00 p.m.. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eleni Mantis-IVIercader can be reached on (571 ) 272-4740. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 

273- 8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Infomnatlon Retrieval (PAIR) system. Status Infonnatlon for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status Information for unpublished applications Is available through Private PAIR only. 
For more Infonnation about the PAIR system, see http://pair-dlrect.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

EW 

Ellsworth Weatherby 
Examiner 
Art Unit 3768 
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